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Comparative Growth Retarding Activity in Relati6n to Endogenous
Tissue Concentration of Daminozide and a Pyrrolidino Analog

(Uni-629) in Phaseolus  vulgaris  L. and Chrysanthemum morifolium
RamaFT 2

R. M. S;Ich?.  J. DeBie3,  J. L. Michael’, J. R. Franks.  and R. A. Creager”
Universil,v  of Culifiwnia.  Dhvi.5

Ahs/rrrc~.  N-pyrrolidino succinamic acid  (Uni-F529)  was considerably superior lo succinic acid  2,2  dimethyl
hydra/i& (da’mino/idc, SADIf)  in inhihiting stem  elongation in PhmccAa  ~jlc/~ari.r  L. ‘Black Valcntinc’ and
(%r~.se/trlrc,/,rlo,r  ,,,ori/~~/icl,tr  Kam;tl.  ‘Bright Golden Anne’. This wits true in winlcr or summer grccnhouscs.
Under  ccm!rollcd  tcmpcraturc  and light condilions  tissue conccntrntions  ofduminozide  were higher than those  for
Uni-l:i29.  Ncithcr d;rmino/idc  nor Uni-F529  was metaholizcd significantly in beans  during the  3 LO 7 day test
pcriotih.  The grcatcr :tctiviry  ol’ the  pyrrolidino  analog relative  10  daminozidc must  rc:llec(  incrcascd  activily al the
site  ol’ ;Ictit,n  and/or reduced  slor;cgc  of Uni-F.529 a1  inacltve  sites in planls.

(irowrh  rc(:lrd;lnts have  proven  value for rcslricling excessive  stem
elongation without causing  major phylotoxic  side cffccls.  Daminor.ide
appears  to ollcr grc:rt  prom& for growth control in many species. but
it h:ts ;I limilcd spaA\  range  and. even  where  cfltctivc.  it must  hc
applied  a~ rclativcly  high concentrations and frequcnl inlervals.  For
this reason  lhcrc  is ;I need for more  active  analogs. Five  factors may
account for difrcrcncch  in activity of Ibliar-applied  compounds in the
ICSI plan(:  I ) ahsorp(ictn  hy the  plant . 2) Iransport and  distrihulion  10
silch  (;I’ activi(y. 3) mcfaholic s(nhility.  4) sloragc  ;I(  inaclivc  silts and
5) intrinsic biological  activity. Scvcral  struclurc/aclivity  stud&  have
IMXII ~nadc with  olhcr growth relardants hut  none  has attomp~cd  to
ICSI ali  5 components  of acgivi(y.  Rational dcvclopmcnt  of improved
Frnwth rctardanrs  is dcpcndcnl  upon understanding’ which of the
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faclors  contrihutch to (or delracts  from) (he  activity of promising
compounds. Since Uni-F529  was reported lo be  more  active than
daminozide on several species (I.  2. X) it was selected for comparis6rr
with SADH for studies on absorption. transport. and metabolic
stability. Cathey (I) suggested that Uni-t-529  was more active than
daminozide under summer time greenhouse  conditions only: hence.
lests  were made l’or activity reiativc  to climatic conditions.

Materials and Methods

‘Black Valentine’ bean seedlings, ca  7 days old with the primary
leaves half expanded and the first trilbliolate  leaf beginning to unfold
from the plum&c.  were  used for all cxpcrimcnts.  Seedlings  were
placed  in aerated. half-strcngih Hoagland’s in I-liter  containers or in
greenhouse  pots in vermiculite watered with half-strength Hoagland’s.
Tempcraturc  was niainlained day and night at 21  A 1°C; relative
humidity h0  +. 10%.  The daily photoperiod  was Ih hours of 1300 to
2500 fi.c.  light 3~  plant lop level provided  hy a mixture of “Cpol
While”  llourescent  lubes  and incandescent lamps.

Rooted cuttings of ‘Bright Golden Anne’ chrysanrhcmum  were
grown under  long day greenhouse conditions [X hours natural light
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daily ((‘0 20°C)  plus J hours of  IO  ft.c. incandescent illumination
I’rom IO:00 p.m. 10  2:(K) a.m. providctl  unticr  black cloth  l‘rom 4:X)

p .m.  ICI  X:30  ii.111  (w 19”(‘)1:  \hxi  the  phnts  had  3 fullv  cspandcd
IC;IVC~  tllc!  wcrc Irz;ltsti  \vith  111~  rc’f;trd;tnts.  Tcchn;cal  grade.
cryzt.tllinc  rcl;irtl;lnl~  tit  Icasl  ‘)C”;.  pure wcrc trhlaincd  from IJniKoy-

al.  Inc.. N:~ugalc~cl\.  (‘N.  Solulic~ns  containal  0. I’%  polyorghylcnc
mwt I phenol  \url’acl;int.

U“hcn tr;cnspctrr  u;t%  ~~udictl  the  prowth  retardants  wc’rc  applied  to
Ihc  priiil:ir\  Is;ivc\  I,\  micro>!  rin?c  in 8 ItI  I O  clroplcts  dislrihutfd

;thov~  the  5 m;t,jclr  v,.ins.  f’l;~n~~  wcrc  spr:tycti  with  f;  x I O  ’  o r  5 b’
IO  : ’ M st)lulionh  01’  each  rsl;tni;lnt  l’or  \cmlc’  compar;ttivc  act iv i ty.

;ih~orption  and  mcl;il~~~lism  studies.
Thcrc  wcrc  6 lo IO pl;rnls  pc’r  trc;ilmsnt. random i/cd on hsnchcs.

%cm length.  the  tlist;lncc  hc~\sccn  the  cotylcdonary  n o d s  and  the
plumulc  in Iwan.  or hctwccn :t  markctf  Ical and  the tcrmin:tl  bud in

cfiry~;iiillic~iiu~ii. u’;I~  mcasurcd  inili;ill\ and  ;II  the end  of the

cxwrimcnt.  Stem  elongation  (..IL).  111~  dil’l&zncc  hctwcsn  the final

;1nt1  i n i t i a l  mc;I~urc’mcnts  \(;I,  the  sctlc  mcasurc’  01’  retardation
rccordcd. I’crccGt  inhibition  01’  elongation  (Inh) was calculated  for
c;ich  trcalmsnt  a:  I nfl 100 (Af.  ccYntrc)l A l .  trcatmcnt/Af.

sonlrol)  :. 100.  Addilional1~.  Ihc  :tclivit\  ol’  fini-WY  rclativc  lo
damino/idc  H;IS computctl  h\  dividing  the  KIIUC  (11’  pcrccnt inhihition

li,r  SADIt  I~!  lh;il  Iibr  tlni-f~.iY.
<‘l~c,t~~ic.tr/  c~rrol~~ir  o/  /‘/(III/  /ic\rcc~.  Prior to ;111:1l!:.is  the plant tissues

wcrc  rinsed  in running I;I~,  uatcr:  the  tissus~  from 2 plants wcrc po~~lcd

and fro/al.  or :in;il)/ctl  inimsdi;itclg  al’lcr collsslion.  f’l:tnl  parts  wcrc
ground to 3 puree in distilled  water and washed into a one L reaction
:l;!sk.  The  procctfurcs  f’or  ;~nal\\is  ofdamim~idc  were essentially the

WOK  as  I~WW tl:\crihcd  h! I.an:: (4) and  S:K!W  and Mock (91 und
cxtcndcd to N-p!  rrtrli:fino  >uccinamic  acid  I\-pyrrolidino  succinamic

acid yicldh N-anlino  pyrrolc  and  damino/idc  ylc’lds  I. I dimethylhy-
dr:l/inc  upon ;tlk;tlinc  hydrol!Gs.  hut colorimctric  detection of both

compounds w,;t’r rc;ltlify  ;tchicvcd  w i t h  :I  0. I’%  t r i s o d i u m  wn-
tocg:tnomino  f’crroatc  (TI’I;)  rcqcnt.  The  ahsorption  maximum ‘for
the  I.1 dimcthylhydr:Gnc-Tf’f:  comf~lcx  i>  at  490  nm and that  for the

N-amino pyrrolc-Tf’f-  complc\ is ;I(  500  nm. In dctcrmining  standard
curves  IO  minimi/c  hackground  intcrlcrcncc  I’rom  plant tissues the
optical  density  (00) dilltircncc  used  l’or  Uni-I:529  was OD,,,,  OD,,,

and that  f’or  damino/idc  was Of),,, Of),,,,,. Hsan and chrysanthemum
shoot tissue  gave  hackground  \~;tlucs  cquivnlcnt  to 0.05 micromolcs
wr 7.5 g tissue.  All  d:ct;l  was corrcctcd for  hackground.  The  minimum

tissue  concentration  of retardant  dctcctahlc  was approximutefy  0.01
micromolcs per  g  I’rcsh  wi.  Tests  with daminoLidc  added to hean tissue
indicattid  that  94 + h”;,  rccovcry could hc  expected  with conccntra-

lion5  hctwccn 0 .02  and 2 micromolcs pr  g t i s sue.  At  leas t  2
dctcrminations  oftissuc  conccntrution  were’  made  for each  treatment.

C’onccntration  of  retardant  in the tissue (TC)  was expressed 3s

micromolcs per g  l’rcsh tissue.  fnh/TC  was computed to  give ;I
mcasurc  of’qzcil’ic  activity l’or  each  retardant  that was independent  ol
both  dosage  applied and  amount ahsorbed.

f);mlino/idc.  “C-l;lhclcd  ;II  the 2 and 3 C atoms of’ the succinatc

moiety. 0. I mc/milimolc.  and JH-Uni-FS29.  randomly labeled by a
catalytic cxchangc  proccdurc  h!  New England Nuclear Corp. were
used l’or comparative  transport and metabolism  studies. Both com-

pounds wcrc  purified  hy paper  and thin layer chromatographic
proccdurcs  dcscr ihcd hclow.  I sotope count ing was done wi th ;I

liquid scintillation counter. Quench correction was determined by ;L

channels ratio procedure  using an  external standard. Aliquots  of
methanolic  extracts of tissues were counted directly or partitioned on
silica gel (SG) thin layers or Whatman  #I paper. Two solvent sys-

tcms  were used:  I) 2-propanol  (IO) concnacetic acid (0.1) water (3):
and 2) I-propanol (7) concn NH,OH  (3). R,  values for SADH and
Uni-I’529  wcrc:

I (S(i) I I (S(i) If (paper)

f)amino/idc 0.33 O.SS 0.X
Uni-I-529 0.47 0.62 0.75

Stat i s t ica l  an;~ly~\  wcrc  pcrformcd  on ail da ta :  cithcr  the  Icast
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signil’ic:cnt  dii’l’crsncc  or I)~rw;~n’s  mul[iplc  range tcs~  at the  1%  and
5% Icvcl>  wc’rc  uhctf  to scp;ir;ils nlc‘:iIl\

Ucsults

i\‘&/i~  ,~COWI/I  rc~&i,r,~  uc,rit*ili,.  Damino/.idc  and Uni-f:5?)  at
5 x  fff 2  M wcrc  sprayal  o n  ‘Black  Valcntinr’  hcan i n  7  cup’cri-
mcnls  pcrl>rmcil  I’rom I)cccmhcr  t h r o u g h  :\ugust  i n  the  grscn-
houhcs  :II  I-.rcdsrick. Uni-I’579  u;14 ;tlw;~ys superior  t o  SAD11  i n

growth retarding  activit!  (I-ig.  I). hut their  rclativc  activity varied
cociGdcr:ihly  and  with no apprciil  rsl:ition~hip  lo  lhc  grccnhousc
cnvironmcnt.  Rclativc  activity  of  the  2 chcmials  dil‘l’crcd  in I!  CY-

pcrimcnts  run in August. overlapping hy all hut I day. Thus. time’
of year did not appear  lo inllucricc  lhe activily  0P OliC compound

relative  to the other.  WC could not. huwcvcr. &zcount  li,r  the  highI\
variahls  results.

Similar patterns wcrc  obtained in 7-day experiments with ‘Bright

Golda  Anne’  chr~s:~nrhsmum  in ths  grccnhouscs  at  f)avis  (Fig. 2).
f<xpcrinicnls  \kcrI: run in long day  (I.{>)  and short  day  (SD)

cnvironmcnt\.  Uni-1’529 ‘X;IS  ;~Iw;ty\  superior  IO damino/idc  hut.  ah

with hcan.  rclativc  activit!  was  variahlc.  Again.  thcrc  W;I\  no apparcnr
rclation\hip  III  cithcr  time  01‘  year or IO daylcngth.  I.igfit  intcn\it\  and

avcragc  daytime  rclilpcr;lturc\  wcrs  conGdcrahly  Iowcr  in Novcmhcr.

EC JAN FE8 APR JUN Al&t
AU'S2

F i g .  I .  G r o w t h  retarding  activity 01‘  Uni-FS79  relative  IO  daminofide
(ShfIl  f  ) in ‘BIti&  Valcnline‘ ban  at  Frctlcrick.  MD. Plants were  sprayed
with S K  IO  * M solution>  ol’  each  retardant.  Average greenhouse
temperature>  for the  7-da! cxprrimrntaf  period  for each experiment SW
connccccd  hy a lint.  The  asterisks above the  bars liar  relative activity indicate
that the  differences  hclwecn  inhibition  induced  hy  Uni-F529  and SADH
were significant at  the I’#.  (‘*)  or 5’5  (*) Icvel.  ‘Twoexperimcnls  wcrc  run in
Aupud.  overlapping by all hut I day

.
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Fig. 2. Growth retarding activity of Uni-F’S29 relative to SADH in ‘Bright
Golden Anne‘  chrysanthemum in long day (LD) and short day  (SD) condi-
tions in grccnhoukcs  L~I Davis. CA. Plants  wcrc  sprayed with 2.5 x IO 3  M
solutions of each  retardant.  Asterisks above  harsindicate statistical signili-
cancc  as  in Fig. I
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town  ot d;~mino/~d\:  ;L ktl’ I, lni-I-52’) was  lound  in tis\uc  a n d  [hi5  KS\
Ihc  0i;ijor rc;isoil  lh;il  lnh/l‘C  w2s  .-~~rc;itcr  for Clni-I-‘f;?J Ihan  for

dan~ino/idc.  Alto.  ;I co0i~\:iri~on  wit\  o\;&z  hcluccn  foliar-applied  and
plumul;tr-;ll,plictl  rcl;lrtl;lnts (‘l’ahlc  3 ) .  One  nlicrornolc  (\I’  c;lch

rc:(:lrd;tnt  W:IS  applied  I O  111~  plumular  bud  o r  prinlary  Ical’:  the
lcrminal  4 ciii  of >li~\ol  (bus  only wx  analy/cd  li\r rcl;ird;lnl  contcnl
3  days  af~cr  :Ipplic;c~ion.  l’lucnul:\r :tppli~;lticrr\>  \vcrc m u c h  more
ct’l‘ccrivc  rhan  foli;tr  f(br  gro\\Lh  rcl;ird;~li0n.  I Icrc I<$(\.  ci;in\ino/icic  \<;\‘I

;tlxclrl\ctl  more  rcxtil!  than  tlni-I-L?).  ICor  pluc\\ul;rr  ;rpplic;ltion>.  (hc
grcxlcr  ‘1-C‘  I\r  .S,\I)I  I ;i~countcd  liir Ihs rclarivcly  IOH  conipurcd

v;lluc ol' Il~l~/‘l‘c‘.

The  grcar tlcpcndcncy  01’  Inh/TC  on silt  (\I’  ;Ipplic;tlion  su~~czl\

~I~:II  IIIIICII ofthc  rcl;lrd;lnr  l’ound  cvcn  i n  tcrttlin;~l  nxri)ricnl;~tic  ti;\uc\
was n o t  csscnii;tl  I’or pxnrth  rmlrd;ttion.  A l s o .  In hcan.  75  t o  X0”; Inh
n~v  have  hccn  the  nxl\in\unt  attainxhlc  w i t h  tither  danxino/idc  o r
lJl\Lw9.

Tahlc 3 .  Activity  01‘  ((1ll;lr  ;tnd  plun\ul;lr  ;(ppllc;ttion\  o f  d;tin\ino/idc  :~nd
Uni-I~520  in ‘ ICI&  Valcnrinc ban  in rcl;llion  10  l i \ \ue cnncn  of rcl;lrd;tnl\
in tcrl\rinal  shoal  i:\\uc\.

Site  of;~pplic:tlior~.
con\~o""d

ll\h”

I’rinrcrr  1' ku I'<'.?
Damino/idc
Uni-t-.529

P/U/It/t/P
I):~ii\in0/idc
Uni-FS29

’ IO  micron\ole  of cxh  retardant  applied IO  upper  hurfacc  o f both  primer!
Icaves.  Plumule  plu\  4  cm of  huhtending  \hool  ti \ \uc wcrc  ;tnrtly/cd  f o r
rctardanl  c~ncn  3 days after  Irpplicalion.  TC’  ix ii\sue  ctlncn  in \\\icrom&s  per
g  tibxue.
Y I micron\olc  of cuch  retardant applied to plumulc. Shoot lis\lue  snalyLed  ;I\
ahovc.

1.  Pair\ of means. for  each hih:  ofapplicution.  f<\llo\*cd  h!  different  letters. Here
significantly  different a~  5’3 Icvct.

3  D A Y S

1

EJE  U n i -  F 5 2 9

0  S A D H

7  D A Y S

“e$d  Plwwk RWIS SOll Trw~~ed  Wmule  Rods Sod

Fig. 3. Disrrihution  of radroactivily  tn “C-daminozide (SADH)  JH-Uni-
l-529 treated  ‘Black Valentine‘ bean plan& 3 and  7 days atier application
For each compound, ca  IO-’  dpm. were applied to the first trifoliolalc lea1
of 6 pIon&.  Plan& were analyred  Individually; average values are shown.
Statistically  significant dlffercnces  between SADH  and Uni-I-529  were
found only in Ihe  3 day analy\c\ for the plumulc and treated  lcaf.
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SADH
3 days
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7 days
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Uni F-529
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dpn
Uni  F -529
7 days

0 I 2.3 4 5  6 7 0 9 IO 0 I 2  3 4 5  6 7 8  9 IO
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Fig.  5. Chromatographic frncrionation oC  methanolic extracts of chrysan-
themum shoot lissuch from plants  treated  uirh  Uni-1-‘529.  Extr;lcts  were
applied IO  Whatman  #I pqcr  and developed  h!  dcsccnding  chrom:tlography
in I-propanol (7) Nll,Ofi  (2).  l)ltta itre  averqc values for 6 pl:tnt\.

ol’  bean  a n d  chrys;lnlhcmum  plants  trc;itcd  w i t h  “C-daminolidc

rcvcaled no :tltcration  01’  the  compound up IO 7 d;~ys  a&r  lreatmcnt
(Fig.  4) .  Chromatographic  analyses of  Uni-FSZY-treated  chrysan-

themum  plants  suggest  Ihal  al‘ter  7  days  most  of  th is  compound
r c m u i n c d  unmctaholi/ed  (f-if.  5 ) .  Very  lirtlc  d a m i n o z i d e  a n d

Uni-FS29.  icss than 0.01 micromoles per g.  remained bound to tissues
a&r  cithcr  mcthanolic  o r  .;tqueous  ex(r3clion  of  chrysanthemum
plitnts  spruycd  with 10  z M solutions.

Discussion
The  cnhzrnccd :rctiviLy  of the  pyrrolidino analog. Uni-FS29,  com-

pnrcd t o  daminolidc  wus  not dependent  upon t ime of  year.  ;tn

hypothesis proposed  elsewhere  (I. 2). nor due to any advantage in
;thsorption  hy tissues.  Distribution of Uni-F529 in bean and chrysan-
thcmum,  par!icul:rrly  in the shoot apical tissues.  the presumptive  sites

01  ;iction. W;IS  approxima~el!  t h e  s;tmc 3s t h a t  f o r  damino/idc.
I)amino/idc  proved to  hc  ;I  \tablc  compound in bean and chrysan-
themum, ;IS  has hccn shown in many spccics  (5, 6, 7). 2nd  this ~3s  true

fair  Uni-1’52Y.  IOO.  Thuh,  WC concluded that  diffcrenccs  in growlh

Sloriigc  oc  holh  compounds  ;II  in;i<livc  sits\  in chry\;tIi(Iicii1uIi1  aild

hcan mcri\(cm;ttic  tissuch  \\;I),  suggc\(cd  h!  dccrc:ising  valucb  for
inhihilion  per  unit  (issue  ccrncn  (Inh/T<‘)  of rctardzln1 with incrcascd
rates  of  applic;ttion.  T~;II  i s .  sonic  of’  ~hc  c:ompc>untl  tound  i n

mcristcm:ttic  [issuch  W;I~  prt)h:thl\  no1  ;Iclivc  it1  c;lu\inp  inhlhilion.
Sachh  and Mock (Y) !‘ound  ‘ihi  tc;  hc  lruc  :II\o  for  3 woody >pccic\.
Inh/TC‘  W;I~  ;11w:1\\  grc:ltcr  I;)r  lJni-1’57’)  th;tn  (or  d;lmino/idc.  hut

the  v:tlucs  wcrc  WI const;lnl I;)r  cithcr  compound. V;tri:thlc  rcsponsc

of the trs:ttsd  pl;lnl  to the  rcr;lrdant  ;Ind/or  v;tri;lhlc  sror:tgc  of  the
compound at inactive  sire  owing to  changes in meristcmatic  tissues

would ;Iccoun( (or  ch;lngc$ in Inh/T<‘.  Wc  have  noted. invari:lhly.
Ihat  the  r;Itiu  Inh/TC  incrc:;lssd with  time  ;tclcr  application ;I$  il’  the
rct;lrd;lnt  ;II  inactive  \i(cb  \\crc:  lo\{  more  mpidly  th;m  th;tt  :I(  the

aclivc  hilts  for  inhihilioii.
Modil’ic:rtion  of’  Uni-t-529  to cnh;lncc  i1s  ;Ih\orption  through  the

upper  Ical’  surtircc  o r  tcrmin:tl  bud  I O  ;I  Icvcl  cqual t o  th:lr  01’

dlrmino/.idc  would. pcrh;rpa.  rnhancc  2-  to  3-f&l  its aclivity  in spray
qplication.  S;lrgcnl.  I’oucll.  and !sl:cckman ( IO) h;lvc shown th:lt
incrc;lscd  chlorinatiorl  01‘  phsnoxyacctic  acids leads  IO ;~n incrs:csc in

the  r;ttc of  ;thborption  I,) hc:ln Icavcs.  A l t h o u g h  !hcrc  ;Irc ccrt;lin
cxccptions  l o  $1115  rule.;Ind  nolahlc  va,i;ltions  i n  ;Ihsorption  01

chlorin;ltcd  compc)und\  in light :rnd  darkness.  their  ;Ippro;lch  m;~>  hc
Llppropri;ilc  for  Uni-1’52Y.

I n  ‘Isluck  Valcniinc’ hean  plumul:tr-applied  d:tmino/idc  a n d
Uni-1’529  W;IS  m u c h  more  uctive. pcrhapx 20- t o  3%fold.  t h a n
foliur-:tpplicd  chemicals.  Thu<. !hcsc  compoctnd\  ;lrc  transported  in

rclativcly  small quanlitic\ !‘rom  the  /C’;IVCS  LO  the  *hoot  ;,pic;tI a n d
subapical mcrihtsm\  vi:! the  phiocm.  whcrea5 zhhorption  hy the  you11;

Icavc\  and mcri~icmatic  surl’xcs  supplied  much larger  qwntitics  for
the mcristcmatic  lis\ucs.  Thi>  H’;IS  shown, alho.  in Dicks’  studies with

chrys;tn~hemum  0) and  implicit in the results oTSachs  ;md  Mock (9).
Thcrc :lppcarcd to hs vcr!  cl’ficicnt  inhihition of’  stem clong:tlion  hy
rhc small  3mounlh  lranslocarcd  I’rom  the IC:I~CS:  thet  is. the  vulucs  of

lnh/TC  wcrc  higher for I,iiar  than for  plumular  applications when
only the  TC for the wminal  4 cm ol’  shoot tiwax  w;~s  used  in the

computation.
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